This study is concerned with the aggregation of information in stock index cash and futures markets. The efficient price discovery is analyzed with reference to the error correction representation and to the common trend representation of cointegrated variables. The empirical evidence is based on three month of intraday data on the French CAC 40 index. The results indicate that deviations from the equilibrium relationship linking cash and futures prices originate mainly from information arrivals in the futures markets and induce stock price adjustments related to information transmission from the futures to the spot. Inspection of the contribution of each market to the price discovery suggests that at least 95 percent of the price discovery is actually achieved in the futures market. Finally, the results appear relatively independent of the particular choice of price measurement, transaction prices versus quotes.
Introduction
Besides the traditional risk transfer role assigned to futures markets, these markets may play an important role in the aggregation of information 2 . The case of stock index futures is analyzed in Subrahmanyam (1991) and in Kumar and Seppi (1994) . Futures and cash markets contribute to the discovery of a unique and common unobservable price that is the efficient price. The contribution of each market to the price discovery depends, at least in part, on the microstructure of these markets, including the level of transparency, the liquidity supply mechanism, the rules governing the priority of orders, the constraints on short sales and the settlement mechanism.
Special features of the French stock index cash and futures markets may play a non trivial role in the price discovery process. The major French stock market, the Règlement Mensuel (hereafter RM) is based on a fixed date settlement that operates once a month. As a consequence, the RM works like a futures market with delivery at the end of the month reducing the traditional difference between stock and futures markets. Furthermore, stocks and futures are traded in different market structures, a pure limit order market for stocks and a floor market for the futures 3 . As suggested by Biais, Foucault and Salanié (1998) , this difference affects the liquidity supplier behavior and the liquidity provision. In particular, it appears that the cost of liquidity is larger in the floor market than in the limit order market due to the absence of incentive to undercut on large ask prices (overbid on low bid) in floor market. On the contrary, limit order markets appears to entail efficient risk sharing and 2 Conditions for such an informational role have been discussed for example by Grossman (1977) and by Bray (1981) competitive pricing. This may affect the order submission behavior of informed traders in a way that is favorable to the stock market. As a consequence, traditional results indicating that information is first aggregated in the futures market (e.g. Stoll and Whaley (1990) ) may in fact reflect, at least partially, difference in market microstructure. In this paper, we provide evidence of price discovery by stocks and futures traded in market architectures that differ significantly from the ones used in other large market places.
On the empirical ground, most of the studies emphasize some kind of causality between futures and cash markets returns (e.g. Stoll and Whaley (1990) ) and/or between futures and cash markets return volatility (e.g. Chan, Chan and Karolyi (1991) ). While these analyses provide some insights about the relation between the cash and futures markets, they do explicitly take into account neither the equilibrium relation between cash and futures prices nor the price discovery process. A more satisfactory specification may be built on the observation that these two characteristics are linked to two particular representations of the cointegration property of futures and cash prices, the error correction form (hereafter ECM) and the common trend form (See respectively Wahab and Lasghari (1993) and Hasbrouck (1995) ).
A cointegration analysis based on intraday data from the French stock index cash and futures markets is developed in this paper. The main results indicate that the futures leads the spot and contributes largely to the price discovery, suggesting that news are first aggregated in futures prices and then transferred to the stock market. Analysis of the price adjustment to past desequilibrium supports this view. The second section presents the data and the methodology.
The results are presented in the third section. A fourth section concludes.
3 Since the realization of the study, the futures has also moved to the limit order market.
Cointegration and Price Discovery
It is well known 4 that any cointegrated system possesses two alternative representations, the first based on an Error Correction Model (ECM) (e.g. Davidson, Hendry, Srba and Yeo (1978) ) and the second based on a Common Trend Model (e.g. Stock and Watson (1988) ).
Following Johansen (1988) , the ECM is obtained from a VAR representation of a set of variables X t : 
where λ i is the estimate of the eigen-value i of the matrix π , and T the number of observations.
The common trend representation of Stock and Watson (1988) is based on a multivariate generalization of the Beveridge and Nelson (1981) decomposition for a vector X t :
1~ (5) where ( ) ( ) ( ) This decomposition relies on the algebraic manipulation of a polynom of order k ,
. See Banerjee and alii [1993], pp. 141-142. efficient price dynamics is given by η t . While η t is not directly observable, note that it can be recovered from the shocks contained in ε t that are perfectly identified. In order to measure the contribution of each market to the price discovery process, Hasbrouck (1995) proposes to compute the quantities S c c c
where Ω is the covariance matrix of ε t and c is a row of ( ) . The daily number of shares issued by each firm and the dividend data were also extracted from the BDM-CDs. In order to sample the data, we retained the last transaction price and the last available bid and ask quotes at the end of each thirty-second length interval. Finally, data referring to the first and to last five minutes of trading have been ignored due to specific behavior at the opening and closing periods. Thus the final time series include 50,020 price observations.
The data
Two values of the index were computed, the first from the last transaction prices and the second from the mid-quote points. The rationale for the second index measure lies in the fact that transaction price index may induce mean-reversion in the basis that would reflect stale price effect due to infrequent trading (e.g. Miller, Muthuswany and Whaley (1994) ). Of course, staleness may also affect the mid-quote index, but quotes reflect more recent information than 7 Remember that ( ) C 1 is of rank one in our bivariate system. trades (we took into account the quotes available at the end of each interval while trades refer to previous market conditions). Furthermore, the transaction price index may be affected by the bid-ask bounce effect (e.g. Roll (1984)) although it should be reduced due to the number of stock in the index.
The index value is corrected with the estimated cost of carry. The traditional formula is adapted to take into account the main features of the French market structure, the Monthly settlement and the dividend tax-credit mechanism. An analysis of these features and of the mispricing data is provided in Alphonse (1999) .
Results
Tests of stationarity developed by Dickey and Fuller (1981) -Quinn (1996) , this result indicate that the noise induced by the infrequent trading and the bid-ask bounce cannot be considered as a source of misleading inference. This may be due to the contract maturity retained in each study, the second nearest maturity in Shyy, Vijayraghavan and Scott-Quinn (1996) and the first nearest maturity in the present paper. The negative sign of the estimates of π f f , is consistent with the bid-ask bounce effect suggested by Roll (1984) . Still, note that the autocorrelation at lag one of the index is not significant, suggesting that the index returns are not affected by an infrequent trading effect. Taken as a whole, the estimates of the cross-autoregressive part of the ECM indicate that there exists a feedback effect between cash and futures markets, but that the effect of the futures market on the cash market is much stronger than the reverse.
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Inspection of the estimates of the adjustment factor coefficients (the elements of the vector α )
indicates that both markets adjust following a price discrepancy, with a clear dominance for the futures market. This is true because of the value of the coefficients, but also because of the sign of the estimates. To see this, consider the two following polar cases. If new information is first aggregated in the futures prices, then, ceteris paribus, the futures dynamics drives the basis dynamics, inducing a positive contemporaneous correlation between the two 9 , and the basis leads, possibly due to arbitrage activity, to a spot market price adjustment, which in turn induces a positive correlation of order p between the basis and the index price dynamics.
Opposite to this view, if the information reaches the spot market first, it must be the case that the basis and the spot price dynamics are contemporaneously negatively correlated, and that the basis and the futures price dynamics are characterized by a negative correlation of order p.
Recalling now that the index is first listed in the vector X t and that the cointegrating vector is not statistically different from ( )
where the difference Index Futures INSERT HERE TABLE 4 Taken as a whole, the results indicate that at least 95 percent of the price discovery is achieved in the futures market (the maximum of the index contribution is 5.21 percent and the minimum is 1.13 percent) and is consistent with the previous results of Hasbrouck (1995) .
Conclusions
This study is concerned with the aggregation of information in stock index cash and futures markets. It has been recalled that the efficient price discovery process is well related to two representations of cointegrated variables, namely the error correction form and the common trend form. The empirical evidence, based on French CAC 40 index intraday data, is consistent with the fact that mispricings originate mainly from information arrivals in the futures markets, and that in turn these mispricings induce stock price adjustments related to information transmission from the futures to the spot. The price discovery process has been showed to be dominated by the futures market in that at least 95 percent of the price discovery is done in the futures market. Taken as a whole these results indicate that information primarily enter into the market through the futures market and are then quickly transmitted to the stock market. where Ω is the covariance matrix of ε t and c is a row of ( ) C 1 . The Cholesky orthogonalization is performed for the two variables. Results based on raw data are also provided. 
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